Background. Tuberculosis is an urgent public health problem caused by Mycobacterium tuberculosis infection. Many factors, including host genetic factors, are involved in tuberculosis pathogenesis. The SLC11A1 gene (formerly NRAMP1) is a primary candidate for association with tuberculosis susceptibility.
pressive therapy, and diabetes mellitus [4] . However, only a minority of patients with TB have identifiable risk factors, suggesting that host genetic factors influence M. tuberculosis infection outcome.
Host genetic factors are strongly involved in TB susceptibility, and innate immunity is strongly associated with M. tuberculosis infection control [5] [6] [7] . Macrophages are the first line of defense against M. tuberculosis infection. M. tuberculosis is recognized by host macrophages and is phagocytosed after infection, and invasive M. tuberculosis will be eliminated or suppressed through phagosomal and lysosomal fusion, apoptosis induction, and free radicals. Numerous cytokines are released to recruit inflammatory cells for limitation and elimination of M. tuberculosis spread. The genes associated with macrophage function have, therefore, been the focus of much recent research.
Many candidate genes may be involved in TB development, including human and nonhuman leukocyte antigens. SLC11A1 has been the most extensively in- vestigated of these candidate genes. The first study to describe the association between SLC11A1 polymorphisms and TB susceptibility was reported in 1998 [8] . Additional data have been inconsistent. Several SLC11A1 loci have been extensively investigated, including GTn in the 5 promoter, INT4 (single nucleotide GrC change in intron 4, 469+14G/C), D543N (conservative single-base GrA substitution at codon 543, resulting in an aspartic acid to asparagine change), and 3 UTR (TGTG deletion in the 3 untranslated region, 1729+55del). Previous studies demonstrated that the GTn and INT4 loci and the D543N and 3 UTR loci were in perfect linkage disequilibrium with one another in humans [8, 9] .
Different clinical characteristics are seen in pediatric and adult TB patients, and therefore SLC11A1 polymorphisms may have different clinical effects. Some studies have revealed that SLC11A1 polymorphisms may affect pediatric TB development [10, 11] , whereas others have identified sex and age effects on the relationship between SLC11A1 polymorphisms and TB [12, 13] . SLC11A1 polymorphisms at the INT4 (rs3731865) and 3 UTR (rs17235416) loci were analyzed with PCR-based restriction fragment-length polymorphism analysis to determine whether SLC11A1 polymorphisms were associated with pediatric TB.
METHODS
A total of 136 blood samples were obtained from pediatric patients with TB at the Beijing Children's Hospital (affiliated with Capital Medical University; Beijing, China); these samples constituted the clinical cases for this study. All pediatric cases of TB were diagnosed on the basis of clinical manifestations, Mycobacterium detection, and radiographic examination findings. None of the patients had a clinical history of diabetes mellitus, HIV infection, or receipt of immunosuppressive therapy.
The control group included blood samples obtained from 435 pediatric surgical patients. Control patients had no history of TB, had normal radiographic examination findings, and had PPD skin test results of !5 mm. Control patients were matched with patients with TB by age, sex, and ethnicity. Study individuals were of the Han ethnicity. Characteristics of both groups are shown in table 1. Written informed consent was obtained from all research participants, and the study was approved by the Ethics Committee of Beijing Children's Hospital. SLC11A1 genotyping. Genomic DNA was extracted from 1 mL of EDTA anti-coagulated peripheral blood using the QIAamp DNA Blood Midi Kit (Qiagen). Two polymorphism loci were amplified by PCR. The primers for each locus were derived from other reports, with some modifications [8] . The sense primer for the INT4 locus was 5 -CTCCCTGCCTCCTC-ACAGCTTCT-3 , and the antisense primer was 5 -CTTGGGA-TGCCCCATGTGAGA-3 . The sense primer for the 3 UTR locus was 5 -GGCATCTCCCCAATTCATGGTTG-3 , and the antisense primer was 5 -AACTGTCCCACTCTATCCTG-3 . The PCR product for the INT4 locus (247-bp length) was digested by the restrictive endonuclease Apa I (New England Biolabs). The PCR product for the 3 UTR locus (245-bp length) was digested by the restrictive endonuclease FokI (New England Biolabs). A 2% agarose gel electrophoresis was performed after digestion to define different genotypes according to generated fragment patterns. Specific genotypes were distinguished by different restriction endonucleases (table 2) .
Statistical analysis. Data were analyzed with use of SPSS software, version 11.5 (SPSS). The x 2 test was used to determine the Hardy-Weinberg equilibrium of the genotype distribution, and genotype frequencies between groups were compared using the x 2 test. ORs with 95% CIs were calculated. Statistical significance was defined as a P value !.05.
RESULTS
Case patients and control subjects. Data for 136 case patients and 435 control subjects were included in the study (table 1) . There were no significant differences between the groups for age and sex (table 1) .
The case group included 30 cases of active pulmonary TB, 94 cases of extrapulmonary TB, and 12 cases of M. tuberculosis infection. All cases and controls were classified according to the 5-point scale of the American Thoracic Society (ATS) to investigate the distribution of different genotypes in different stages of clinical TB [14] . Extrapulmonary and active pulmonary TB cases were classified as ATS level 3, and M. tuberculosis infection was classified as ATS level 2. Mycobacterium infection is very common in China, and children are routinely vaccinated with the bacillus Calmette-Guérin vaccine. Control cases were classified as ATS level 1 (table 1) .
Analysis of the Hardy-Weinberg equilibrium and the association of SLC11A1 polymorphisms with pediatric TB in China. All SLC11A1 genotypes were in Hardy-Weinberg equi- ). P p .107 Distribution of SLC11A1 polymorphisms in different ATS levels of pediatric TB in China. The distribution of SCL11A1 polymorphisms between TB cases at different ATS levels was also analyzed. No significant differences were observed between ATS level 2 and 3 subgroups, although the frequency of variant genotypes appeared to be greater in patients with ATS level 2 TB (table 5) .
DISCUSSION

Many candidate genes have been reported in TB development, including SLC11A1 (formerly NRAMP1), vitamin D receptor (VDR), mannose-binding lectin (MBL)
, and some cytokine genes. SLC11A1 is the primary candidate gene for TB susceptibility among these candidate genes. Human SLC11A1 encodes the SLC11A1 protein (550 amino acids), which is found in the late endosomal/lysosomal macrophage compartment. Human SLC11A1 influences the phagolysosomal function of macro- phages in iron transport, maintenance of acidity, and production of nitric oxide [15] [16] [17] [18] [19] . Some researchers have speculated that SLC11A1 is involved in early and effective granulomatous responses, which are critical for the containment of bacterial burdens or the spread of pulmonary M. tuberculosis infection [6, 7] . The bacterial burden could result in future clinical TB. There have been no consistent associations of SLC11A1 gene polymorphisms with human TB susceptibility. A study evaluated west African samples and demonstrated that SLC11A1 gene polymorphisms were associated with human TB susceptibility [8] . The same results were identified in Chinese, Korean, and Japanese populations [20] [21] [22] [23] . A meta-analysis found that SLC11A1 gene polymorphisms at the 3 UTR and D543N loci were associated with TB susceptibility in persons of east Asian ancestry, including Chinese individuals [24] . However, the associated loci were not identical. No correlations were identified in samples obtained from white, Taiwanese, and Brazilian individuals and individuals from Hong Kong [9, 25, 26] . The differences were due to ethnic differences and sample selective biases.
SLC11A1 polymorphisms have been associated with pediatric TB [11, 10] . Pediatric TB is clinically different from adult TB, and investigation of the effects of susceptible genes on pediatric TB will provide additional information about the molecular genetic mechanisms involved in pediatric TB development and also aid in the establishment of more-efficient ways to prevent TB spread. This is particularly relevant for decreasing adult TB developed from latent childhood TB infection.
Our data suggested that the frequencies of the TGTG +/ delete and TGTG delete/delete polymorphisms at the 3 UTR locus in SLC11A1 were significantly higher in the TB group, suggesting that the 3 UTR locus was associated with TB sus-ceptibility in Chinese children. A study of Chinese adults with TB indicated that SLC11A1 polymorphisms were associated with adult TB susceptibility [20] . However, another Chinese study revealed that SLC11A1 polymorphisms were associated with TB progression but not with susceptibility [21] . Our data indicated that a large proportion of cases were severe extrapulmonary TB. No statistically significant differences were observed between cases of active pulmonary TB and cases of extrapulmonary TB (data not shown), and it is possible that SLC11A1 polymorphisms were associated with TB progression in children. More active pulmonary TB cases should be included in future studies.
The prevalence of TB varies on the basis of sex [12, 13] . Therefore, the present study analyzed the association of SLC11A1 polymorphisms with pediatric TB as stratified by sex. The results revealed a significant association between the 3 UTR locus and TB in female children. Studies have proposed that, during their reproductive years, women lose body iron, resulting in a limited supply of iron ions in phagosomes for the generation of hydroxyl radicals and bactericidal activity [27] . Our study involved children aged !14 years who were not losing body iron. It is possible that a sex-related gene is involved in modification of TB development. Sex may be a modifier in TB development, and additional research must be performed to clarify the biological effects of sex.
The frequency of variant genotypes was higher among patients with latent TB with ATS level 2 status, compared with those who had active TB, although this difference was not statistically significant. The small sample size for the latent TB infection group reduces our ability to detect a statistically significant difference between groups. Therefore, additional ATS level 2 patients should be included in future studies to demonstrate whether individuals with variant genotypes were more susceptible to M. tuberculosis infection. M. tuberculosis infection causes latent TB in childhood and can lead to clinical TB in adulthood. Some studies have suggested that SLC11A1 variation may affect its function and result in insufficient elimination of M. tuberculosis in macrophages [15, 16] . M. tuberculosis may be latent in host macrophages and may reactivate upon decline of the host immune system in adulthood. These variants in pediatric patients may result in clinical disease later in life. Therefore, future research should involve more cases of M. tuberculosis infection, and it is necessary to observe heterozygous cases to confirm the development of clinical TB in the future.
